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Penetrating injuries to the internal carotid artery in zone III of the neck can be a significant challenge to the operating
surgeon. Direct surgical exposure and repair of the internal carotid artery at the skull base can be extremely difficult, and
surgical options for treatment of a pseudoaneurysm at this location are limited. We present a case of an 18-year-old man
who sustained a single gunshot wound to the distal cervical internal carotid artery that led to a pseudoaneurysm managed
with endovascular exclusion. Recent literature on the surgical and endovascular management of distal carotid injuries is
reviewed. (J Vasc Surg 2002;36:187-90.)
Penetrating injuries to zone III in the neck have been
associated with high cervical or proximal intracranial ca-
rotid injury. The severity of injury varies from complete
transection to pseudoaneurysm formation to intimal flap
formation with or without occlusion. Treatment of these
lesions traditionally has been surgical; however, attractive
surgical options are limited by the inherent difficulty in
obtaining satisfactory vascular control. Reports of endovas-
cular techniques to address traumatic arterial injuries have
dramatically increased in recent years. We report a case of a
pseudoaneurysm of the internal carotid artery at the skull
base after a gunshot wound in zone III of the neck man-
aged with endovascular exclusion.
CASE REPORT
An 18-year-old man sustained a single gunshot wound to the
left neck in a drive-by shooting. The patient was initially trans-
ported to a local hospital and underwent urgent orotracheal intu-
bation for airway protection secondary to altered mental status and
stridor. The patient subsequently was transported to our trauma
center for definitive management of the injuries. On arrival, the
patient’s condition had been hemodynamically stable with mild
tachycardia. The patient had no medical or surgical history. The
only external injury was a 4-mm wound posterior and inferior to
the left ear consistent with a small-caliber gunshot wound. No
active hemorrhage was evident. A palpable foreign body was
present anterior to the right temporomandibular joint. Neurologic
examination was limited by sedation and paralysis; however, both
pupils were round and reactive to light. The remainder of the
physical examination was unremarkable. Initial laboratory studies
were noncontributory.
Initial imaging consisted of computed tomographic scans of
the head, face, and cervical spine. The bullet path extended from
the entrance wound (inferior to the left ear) to the region lateral to
the right temporomandibular joint. Both temporomandibular
joints were dislocated. A comminuted right subcondylar fracture
extended into the ramus. Minimal soft tissue swelling was present
along the bullet path. No expanding hematoma was seen. Soft
tissue air tracked along the floor of the mouth and retropharyngeal
space and into the superior mediastinum. Small bilateral pneumo-
thoraces were seen. A bilateral carotid arteriogram was subse-
quently performed and revealed a small pseudoaneurysm of the left
cervical internal carotid artery approximately 6 mm below the skull
base (Fig 1). Flow beyond the injury was preserved, with the
exception of a distal embolic occlusion of the angular artery
(parietooccipital branch of the middle cerebral artery).
The patient was taken to the surgical intensive care unit, and
the vascular surgery service was consulted. Heparinization was
initiated without a bolus, and the activated partial thromboplastin
time was maintained at 2 to 2.5 times normal. Neuromuscular
blockade was discontinued, and sedation was minimized to allow a
more thorough neurologic examination. Once sedation was with-
drawn, the patient was aroused, followed commands bilaterally,
and had normal strength in both upper and lower extremities.
After this neurologic examination, the patient again underwent
sedation because of persistent hypertension.
Approximately 12 hours after the injury, repeat angiography
was performed to evaluate for progression of distal embolic com-
plications and stability of the pseudoaneurysm. The distal angular
artery occlusion was unchanged, and no evidence was seen of
additional embolic events. The internal carotid pseudoaneurysm
was slightly larger. Both vascular surgery and interventional radi-
ology physicians discussed the treatment options and correspond-
ing risks with the family, and a decision was made to proceed with
endovascular management. Via a right transfemeral approach, a 9F
8-mm  30-mm Wallgraft endoprosthesis (Boston Scientific,
Natick, Mass) was deployed within the distal cervical internal
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carotid, successfully excluding the pseudoaneurysm and preserving
flow to the parent artery (Fig 2). No distal embolic complications
occurred during stent deployment. The access site (12F) was
percutaneously closed successfully with the patient fully anticoag-
ulated. The patient was administered clopidogrel bisulfate and
aspirin after the procedure and heparin for 48 hours. Because of
persistent pyrexia and findings suggesting aerodigestive tract injury
on the original neck computed tomographic scan, the patient was
taken to the operating room by otolaryngology physicians the next
day (approximately 36 hours after injury) for tracheostomy place-
ment and drainage of the retropharyngeal space. The location of
the airway injury could not be identified with laryngoscopy at that
time. Broad spectrum antibacterial coverage with pipercillin/ta-
zobactam was continued in the perioperative period for 48 hours.
The patient recovered uneventfully with no central neurologic
impairment. The patient does, however, have a partial left facial
nerve injury and pharyngeal dysfunction caused by the local injury
from the gunshot wound. Later, during the same hospitalization,
the patient underwent open reduction and internal fixation of the
mandibular fractures. Follow-up angiography performed 48 hours
later and duplex ultrasonography at 6 weeks, 6 months, and 9
months after the procedure showed a patent left internal carotid
artery with complete exclusion of the pseudoaneurysm. Evidence
of mild intimal hyperplasia at the distal aspect of the Wallgraft is
seen on the follow-up duplex scan images with an approximately
50% asymptomatic stenosis. Total follow-up duration is 10
months.
DISCUSSION
Penetrating injuries of the internal carotid artery at the
skull base are infrequent. A recent survey of trauma centers
reported that traumatic carotid injury accounted for ap-
proximately 0.2% of all trauma-related admissions.1
Although the diagnosis of blunt carotid injury may be
increasing because of more aggressive surveillance,2 the
frequent application of angiography to penetrating neck
injuries suggest that penetrating carotid injuries are rarely
missed. Despite their rarity, these injuries present signifi-
cant challenges to the cerebrovascular surgeon.
In contrast to blunt carotid injury, treatment for pene-
trating injuries of the carotid has been primarily surgical.3
Depending on the clinical scenario described, options in-
clude: observation, anticoagulation, ligation, balloon oc-
clusion, resection with repair, or bypass. Recent reports
support an improvement in outcome for patients managed
with surgical reconstruction compared with observation or
anticoagulation therapy.1,4 Surgical intervention and re-
construction is particularly beneficial in patients who are
neurologically intact.1,4 However, the best definitive man-
agement remains controversial. No prospective studies re-
garding the management of penetrating carotid injuries at
the skull base have been reported, and the retrospective
reports have few patients.1,3,4 Three bypass procedures
have been described for providing extraanatomic revascu-
larization of the internal carotid. These include two variet-
ies of external carotid to internal carotid bypass. In one
approach, a conduit is constructed from the superficial
temporal artery to the middle cerebral artery. This ap-
proach necessitates a craniotomy, has been plagued by poor
flow characteristics, and does not accomplish exclusion of
the pertinent segment of the internal carotid artery. The
second external carotid to internal carotid bypass reported
uses the external carotid artery at the origin as the inflow
site and the middle cerebral artery as the target. This
approach provides better flow but still necessitates a crani-
otomy and ligation of the internal carotid at the bifurcation
and at the intracranial portion proximal to the ophthalmic
artery. The final reconstruction that has been recently de-
scribed is the common carotid artery to intrapetrous inter-
nal carotid artery. This approach avoids the need for a
craniotomy and provides excellent flow but necessitates
exposure of the intrapetrous portion of the internal carotid
artery. There is also the concern of increased stroke risk
because of the longer occlusion time necessary to perform
two vascular anastamoses before restoring flow. Neither
our vascular surgery service nor our neurosurgical service
had any experience with these bypass procedures.
The expanding experience with endovascular tech-
niques to address both blunt and penetrating arterial inju-
ries prompted us to investigate this approach for our pa-
tient. Our review of the English literature revealed only two
cases with a stent graft for exclusion of an internal carotid
artery pseudoaneurysm after penetrating trauma.5 Other
endovascular approaches to pseudoaneurysms and arterio-
venous fistula, including thrombosis with coils and balloon
occlusion, have been reported in small series.4 Several case
reports of stenting and secondary coiling of internal carotid
Fig 1. Selective internal carotid injection shows small traumatic
pseudoaneurysm at skull base.
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artery aneurysm and pseudoaneurysm have been pub-
lished.6-8 In these cases, complete exclusion of the pseudo-
aneurysm at the time of endovascular intervention necessi-
tated placement of detachable coils between the interstices
of the stent. The two cases of stent graft placement were
included in a report of 29 patients during a 7-year period
who had stent grafts placed in a variety of anatomic loca-
tions. The authors, Parodi et al,5 have been extensively
involved in the development and application of endovascu-
lar techniques. In addition to the two stent grafts placed in
the internal carotid arteries for penetrating wounds, four
additional patients had stent grafts placed in the common
carotid artery for penetrating injuries. All of the patients
had technically successful exclusion of their pseudoaneu-
rysm or arteriovenous fistula. No procedure-related com-
plications were reported in these patients.
In addition to the reported experience with treatment
of penetrating carotid injury with endovascular techniques,
expanding numbers of patients with blunt carotid injury
have been managed with percutaneous placement of stents
in the distal internal carotid artery. The largest study pub-
lished to date by Coldwell et al,9 from the Denver Health
Sciences Center, includes 14 patients with 16 injuries iden-
tified in an aggressive screening protocol of patients at risk
for blunt carotid injury. These 14 patients had pseudoan-
eurysms develop that were treated with a combination of
self-expanding stents or balloon expandable stents. No
complications related to the stent or placement occurred.
One patient had intimal hyperplasia develop at the stent site
without any significant narrowing. No patients had wors-
ening of neurologic status. The authors comment that the
surgical management of this group of patients is similarly
problematic. The site of injury is frequently at the skull
base, and they faced the same technical issues with vascular
control as raised in our patient.
The combined evidence published in the literature
supports endovascular intervention for pseudoaneurysms
that surgically would be difficult to expose and control. In
our patient, we chose to use a Wallgraft device to ensure
complete exclusion of the pseudoaneurysm at the time of
intervention without the need for endovascular coil place-
ment. As reported by Coldwell et al,9 stent deployment
alone may be successful in completely excluding the pseu-
doaneurysm, but occasionally intravascular coils may need
to be deployed between the interstices of the stent.6-8 Our
decision to use the Wallgraft was based on two factors.
First, the system to deploy the detachable coils was not
available at our institution at the time. Second, given the
distal middle cerebral artery branch occlusion identified at
the time of the procedure, placing a covered stent seemed
less likely to lead to additional distal embolization during
deployment of the device. Even with these successful cases,
we believe documentation of the long-term efficacy and
safety of carotid stenting or stent grafting for traumatic
injury with continued follow-up and surveillance of these
patients is important.
As noted in our case, penetrating injuries, especially
those involving the aerodigestive tract, are at increased risk
of local infection. Although rare, development of a local
infection in this setting would be potentially catastrophic.
We empirically initiated antibiotic therapy, on the basis of
the findings of air in the neck and mediastinum, and con-
tinued the antibiotic course in the perioperative period. In
addition, to decrease the chance of local infection, the
patient underwent exploration and irrigation/drainage of
the retropharyngeal space. In a situation where the pres-
ence of an infected field is more of a concern, the placement
of a covered stent would not be our choice for treatment. In
that setting, our preferred approach would be to perform
an extraanatomic (external carotid to middle cerebral ar-
tery) bypass with ligation of the internal carotid at the
origin and intracranially (proximal to the ophthalmic ar-
tery).
The appropriate antiplatelet/antithrombotic therapy
after stenting of the carotid artery has not been studied in a
prospective manner. However, extensive evaluation of an-
tiplatelet/antithrombotic therapy has been undertaken in
the area of coronary stenting. Berger10 reported that results
from five randomized trials have established that aspirin
plus ticlopidine hydrochloride is more effective than aspirin
plus warfarin sodium and went on to report than clopi-
dogrel bisulfate is at least as effective as ticlopidine hydro-
chloride. A recent report from the Cleveland Clinic Carotid
Stent Registry11 concluded that dual therapy with clopi-
dogrel bisulfate plus aspirin is the preferred strategy for
Fig 2. Aortic arch injection after deployment of 8-mm 30-mm
Wallgraft endoprosthesis shows complete exclusion of pseudoan-
eurysm.
JOURNAL OF VASCULAR SURGERY
Volume 36, Number 1 McNeil et al 189
patients undergoing carotid artery stenting. For these rea-
sons, we chose clopidogrel bisulfate plus aspirin for post-
procedure therapy.
Further studies to investigate the role of endovascular
therapy for penetrating arterial injuries are indicated. Sur-
gical exposure and repair of arterial injuries, with the excep-
tion of extremely challenging locations such as we faced in
our patient, remains the standard treatment. The routine
use of endovascular techniques for treatment of arterial
injuries cannot be supported at this time.
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